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0 Rotary knifa paper trlmmar wiih long ilfe shearing surfacea for trimming thick and shingled paper 
' products. 



@ Significant improvements in the lif^ of cutting 
knife blades (15) and the quality of shearing of thick 
multiple sheet and shingled paper products (18) are 
produced in a paper trimming system having' two 
cbcular natatable Icnives (lStl8) mounted to overlap 
at a shearing statkm through which ttie paper pro- 
ducts (18) are passed Thin stsel annular disc cutting 
blades (15) with teeth about the outer circumference 
are significantiy improved in life by eikninatlng the 
effs^ of biade warpkig and non<»ntlnuous mating 
contact with a bed knife (18) cutting surface In an 
adjacent shearing relationship that is not broken by 
intervention of sheared paper or out of round knife 
surfeces or by deflection dt the cutting blade (15) 
'^away from mating surface contact by the pressure of 
<Cthick or shingled paper products (16}. Friction and 
Ij^wear ts raduced by inclination of the cutting blade 
(^(18) to prevent continuous njbbing against sheared 
paper edges* These problems are resolved by dish- 
^ing and mounting tiie thin flexible annular disc cut- 
fOttng knrfe (15) at a snr^aii angle away from per- 
COpendlcular to the axes of rotation of the knives. 
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ROTARY KNIFE PAPER TRIMMER WITH LONG LIFT SHEARINQ SURFACES FOR TRIMMING THICK AND 

8H1NQLED PAPER PRODUCTS 



TECHNICAL RELD: 

This invention relates to rotary knife trimniers 
for continuously moving streams of multiple sheet 
paper products, and more particularly It relates to 
such trimmers having thin annular disc cutting knife 
biades with sen'ations about the outer circumfer- 
ence airanged to contact over a peripheral arc the 
planar cutting surface of a bed kntfo disposed 
pa'pendicular to the axis of rotation at a shearing 
station disposed In the stream of paper products. 



BACKGROUND ART: 

Serrated rotary knife paper trimmers for 
streams of paper products are known In the art My 
U. S. Patent 3,813,981 Issued Jime 4, 1974 for 
Paper Trimming IQiife System has an annular disc 
cutting knife with peripheral teeth overlapping In an 
arc and registered against a planar cutting surtece 
of a rotary bed knifo. U. S. Patsrrt 4,480.518 was 
Issued Nov. S, 1984 to IC Futterer for Apparatus for 
Trimming the Margmal Portions of Paper Sheets or 
the ]fkB. Therein radially disposed cutting knives 
are cfisposed fdr rotary contact with stationary 
Gounterknives to seqiuenflaliy present a succession 
of shearing blades through the thickness of the 
product before engaging a surface of the counter^ 
knife. 

In the prior paper trimming art there are sev- 
eral significant unsolved problems, generally result^ 
ing In high power drive requirements, short cutting 
blade life and ragged cutting edges. The problems 
are exaggerated when the thickness of the paper 
products Is great as in the case oi magazines for 
example, end when the products are shingled so 
that the cutting loads^re not constant but vary over 
a successton of step function Increases In loading. 
Heretofore, there has been no satisfactory solution 
to these blade life, loading and quality of cut prob- 
lems presented with thicker shmgied paper pro- 
ducts at high conveyance speeds. 

It Is therefore an objective of this Invention to 
solve these prior art pmbiems and to provMe a 
rotary paper trimming system that produces unex* 
pected Increases of knife life and quality of cut 

A further ob|ect of the invention Is to pro^de 
improved methods of trimming thick shingled 
streams of fast moving paper products. 

A still further object of the (nvention Is to re- 
duce power requirements, heat and friction In the 
trimming of paper products, and to slgniflcantiy 
increase the lifetime of the cutting biades In stan- 



dard or heavy duty applications. 



DISCLOSURE OF THE INVENTION: 

9 

This invention, by means of changes In the 
principle of operation and the construction of the 
knives, converts the two mating rotary knife paper 
products trimming equ^ent of the type set forth 

ro In my patent to heavy c^ty trimming of very thksk 
shingled paper products without deterioration or 
raggedness of the cut edge of the paper and 
surprisingly with significantly extended blade life, (t 
solves explicitly prior art probtems of wear, Mm- 

IS ming quality, power, frictional heat, difficult'es In 
the manufacture of blades and the trimming of 
tiiick shingled peeper products passed at high 
speeds past a shearing statkin. 

It has been found in accordance with this In- 

20 vention that major problems are interposed In the 
quality of cutting and the frtetion and wear on the 
blades when thick shingled products deflect the 
cutting knife blade surface away firom mating con- 
tact with the bed knife cutting surface. Even har- 

2S dened steel cutting blsnjes are deflected away from 
the shearing surface of the bed knife when the 
blades must already start cutting many sheet ihio 
knesses before reaching the shearing action of the 
two knife blades as they overly In mutual contact 

30 at the shearing etatlon. Because of the paper fric- 
tion and pressure on tiie blades the trimmed edges 
and/br the edges of the products may then be 
ferced between the blades to sIgnHicatnly Increase 
load, friction and wear. Clean cutting is achieved 

as only when the cutting and bed knives are in mutual 
contact at the shearing edge, and thus defiectlon of 
the cutting blade will deteriorate the quality of the 
cut 

Further it has been found in accordance with 
40 tMe invention ttiat In manufteture and tempering of 
annular disc toothed cutting blades, timers is no 
feasible commercial way to assure that the cutting 
blades have a flat planar cutting surface. They are 
in fact stressed by tempering so ttiat tiiey become 
48 warped and wavy «dx)ut tiie circumferential cutting 
tooth edge. This also causes undesirable gaps or 
Interference wearing off ttie teetii between the 
shearing edges of tin two knives, thereby causing 
ragged edges and tiie tendency to ferce paper 
so between ^e two l^nives. 

Also It has been feund in accordance with tills 
invention that the continuous frictional contact of 
tite edges of tiie paper products bekig transported 
past the cutting blade slgniflcantiy wears the blade 
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at the criticai tooltidd cutting edge* 

AU this i8 prevented by a novel structural a^ 
rangement of the two l^ades to produce shearing 
action between the two blades while In mutual 
mating contact In accordance with a preferred em- 
bodiment of the invention. The specific Made cor>- 
flguradon afforded herein not only produces a qual- 
ity cut but also resolves the other problems of 
blade flatness. Increased wear, excessive heat and 
high power requirements by efimfnaling the frte- 
tlonal paper to blade loading. 

Thus, in accordance with this Invention, the 
annular cutting blade disc is clamped In a rotary 
kn(fe holder In a dished configuraljon with the outer 
circumferential toothed edge being in a single 
plane for mating with the cutting surface of the bed 
knife, thereby to achieve several operating advan- 
tages. The cuttffig blade thus has its inner circum- 
ference moved away from the edges of the 
sheared paper products to relieve the fvlcSonal 
contact and wear. The dished configuration 
strengthens the stiffness of the knife to deflecting 
forces and further ellmlnaies the waviness intro- 
duced tn the tempering process. The (fished knifie 
is ground at the toothed circumference to present a 
surface substantially parallel to the axes of the 
rotation of the blades thereby to assure mated 
sikling contact b^ween the shearing surfaces of 
the two rotary knives without modification to the 
bed knife. 

Further the rotating cutting blade holding struc- 
ture provides a backup support at the outer circum- 
ference cutting tooth periphery on the side of the 
disc away from the bed knife contact surface, fur- 
ther to assure that the cutting blade cannot be 
deflected away from its mating bearing contact 
with the bed knife cutting surface by paper contact 
forces. 

The resulting trimmer embodiment has been 
found to produce quality cut edges without ragged- 
ness for trimming thick magazines and In other 
heavy duty trimming operations with shingled pa- 
per products, wNle imexpsdediy Increasing the life 
of the cutting biadss by at least an order of mag- 
nitude over the conventional rotary knife trimmer of 
my aforesaid patent. 



BiVEF DESCRIPTION OF THE DRAWINGS: 

In the drawings: 

Figure 1 is an end view sketch of two cutting 
knives in a paper trimming system according to 
this invention, 

Rgure 2 is a segmental side view sketch, 
partly in section of the cutting wheels In Figure 1, 
and 



Figure 3 is an enlarged segmental side vieWt 
partly in section of the rotary cutting knife hokler 
means encompassed in Figure 2. 

5 

THE PREFERRED B/IBODIMENT: 

K may be seen from Figure 1 that the rotary 

TO knives are of the general type incorporated In the 
system of my U. 8. Patent 3.813,981. Thus, the 
senrated cutting knife blade IS overlaps the bed 
knife 16 over an arc 17 at a shearing station for 
receiving and shearing a multiple sheet paper 

16 product 18 which is moving, as the arrow shows, 
through the cutting station by means of a conveyor 
not shown« Note that the product may be shingled 
19 to present a succession of step increases in 
shearing loads to the Intersection 20 of the knives 

20 where the cutting takes place much in the fashion 
of an ordinary pair of sdssors. There Is a limiting 
circumferential ring 15R on tfie planar cutting sur- 
face 16C of the bed knife, shown in part Thus, the 
overlap of the two knives does not extend as far as 

2B the indentad circular groove 33 in the bed knife 
surface* 

As may be better seen with reference ^so to 
Rgure 2, the cut^ng blade IS is a thin hardened 
steel annular disc clamped In place by fixture 21 

30 on the rotatable cutting blade holder jig 22. which 
in turn Is rotated on a spindle 23 apprcp'iatBly 
Joumalted En the frame 23A of a trimmer system 
assembly to rotate about axis 24, The clamping 
fixture 21 is bolted onto the bbde holder Jig 22 by 

35 bolts not shown in Rgure 2 except by section lines 
25< etCn and suggested In Rgure 1 by the crosses 
26, etc. 

Similarly the rotatable bed knife having a sub- 
stantially cylindrical outer circumferential portion 27 

40 presamlng an outer circumferential surface upon 
which the paper product 18 Is supported as the 
cutting blade teeth are forced through Its thk:kness 
at a position in the travel path before the shearing 
edges of the two knives 15. 16 intersect at the 

4$ shearing point 20 (Fig. 1). The trimmed edges 28 
are waste products adequately disposed of by 
vacuum means or the like, not shown. The bed 
knife is similarly clamped by clamping member 29 
onto a rotary ]lg 31 revolving about a)ds 30 parallel 

so to axis 24. 

Typically the cutBng disc 15 is an annular 
tampered steel knife of a Rockwell Hardness of 60 
to 64 having an outer diameter of nine Inches (23 
cm), an inner diameter of six and five^ghts Inches 

5S (17 cm), and a thickness of .080 indies (.23 cm) 
with planar opposing st^laces. The disc is temr 
pared after forming the teeth and thus it Is difficult 
It not impossible to keep the surfaces flat Thus the 
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discs can be expected to be wavy with the toothed 
cutting edges 32 not lying In a single plane. This 
raises a significant problem in the quality of the cut 
becfflise it has not been possible in the prior art to 
assure that the cri^l shearing edges between the 
two knives is always In contact If not in contact, 
the edges are torn and ragged, not sheared* Even 
worse, the nagged pap^ edges may be forced 
down Into the gap between the blades and tend to 
deflect the cutting edge of the disc 15 outwanlly 
more away from the cutting surface edge of the 
bed Icnifs 16. This thus requires overloading and 
further deflection of ^e top senratsd knife causing 
more friction and poor shearing quality, and It 
tends to occur partfcularly with heavy loads from 
thick magazines or tluck shingled products where 
the thicknesses have step functions periodically 
presented to the shearing station. 

The bed knife 16 is thick and rigid, and may be 
machined to have a planar cutting knifs contact 
surface perpendicular to the axes of rotation 24. 30. 
As may be seen In Figures 1 and 2, the bed knife 
surfece Is relieved at 33 radially inwardly fiom the 
Innemiost cincumfmntial ring 15R at which the 
senrations slide on the planar cutting surface ISC 
disposed perpendicular to the axis of rotadon. This 
affbnJs cleaner disposal of the trimmed off waste 
28* 

The life of the cutting system Is dependent 
upon blade Qfe, and the toothed cutting edge of the 
cutting knife is crIticaL Various factors contribute to 
its ilfe. Thus, the frictional contact of the product 18 
on the outer cutting edge region of blade 15 pro- 
duces significant wear. Also any interference of the 
cutting edges of the blade 15 with the rigid outer 
circumference of the bed knife 16 due to waviness 
will rapidly wear the crifical thin toothed edge. 
Thus, when heavily toaded by thick and shingled 
products, the cutting blade 15 has a short Bfe and 
need be replaced often In tiie prior art 

The top knife 15 needs to travel at a speed of 
at least three to ftfleen times taster than the bottom 
bed kru'fie. The faster the lop krSt^ travels in rela- 
tionship to the bed knife, the greater the wear. Also 
the larger the diameter of the knives* the greater 
thickness of the cut When the diameters are larg- 
er, the deflection of the top cutting kntfe Is greater. 
Thus, for heavy thick cutting loads, there Is more 
blade deflection, more wear, and more friction of 
the knife with the paper product resulting In more 
friction and heat and power expenditure. 

Ayial adjustments of the cutting knife assembly 
are not shown but they permit acQustment of the 
cutting disc assembly so that there Is mutual mat- 
ing contact In the overiapping an: area with the 
cutting surface of the bed knife, namely the surfsce 
adfacent tiie waste 28 irinruned off the product In 
Figure 2. If adjusted properly, and if the mating 



overiapped Made surfaces are parallel, then the 
wear of the cutting knife blade tip 32 and loading 
wWi heat generation from the surface mating con- 
tact Is not significant However. It adjustments are 

6 made In the field to compensate for oitward de- 
flection of tiie cutting blade 15 away from tiie 
mating surface to penult paper from the product 18 
to be wedged in aid cause ragged edges, then ttie 
wear factors of Interference and friction from tiie 

10 paper and heat f^om the bading will cause rapid 
wear. Witii larger diameter knives, higher speeds of 
rotation, thicker and shingled paper pnDducts. more 
and nv^re pressure forcing the cutting knife against 
the bed krrife cutting surface increases friction, 

98 power and wear. 

By reference to Rgure 3, it will be seen that 
the problems of the prior art are resolved to pro- 
vide unexpectedly longer cutting blade life and 
dean cuts without ragged edges under heavy loads 

20 with thick magazines and shingled many paged 
paper products. It will be noted that several critical 
structural changes are made to tiie rotary cutting 
knife holding assembly. Thus, the blade 15 is seat- 
ed upon two surfaces 36, 37 of Uie rotary holder ]lg 

29 22 to place the shown cross section of ttie blade at 
an angle 38 away from perpendicular to the axes of 
rotation. The angle typically may be forty five mki- 
utes. The clamping member 21, which does not 
touch its mapng cylinder walls abuts the blade 15 

30 and tiius serves to dish tiie annular ring disc of the 
knife 16 at its Inner circumference in a directicn 
away from tiie critical mating surface of tiie toothed 
outer peripheral edge 40. The cutting surface 40 of 
the bed knife Is disposed substantially noirmally to 

35 its axis of rotation. 

This dishing critically changes the perfbnmance 
of tiie cutting knife disc in several respects, it 
strengttiens it mechanically from deflection of Its 
tootiied outer edge away from the bed knife mating 

40 surface. It reGeves the frictional loading and rssuK- 
Ing heat and weo- from' the paper product passing 
through the knives. This Is seen better from Rgure 
2 at the critical wear position 35, where the blade 
15 is angled away from the cut edges of tiie paper 

45 product 18« Also it tends to present tiie outer 
cutting edge of cutting blade 15 In a planar surface 
for matching that of the bed kra'fe, thereby ovei^ 
coming the waviness Imparted by heat treatment 
AH of these factors contribute to the long life and 

50 clean cutting fliat is obtained from tills Improve^ 
ment The llfo of the blade has been extended 
more than tenfold In the presence of heavy loads, 
and the cuts are clean witiiout raggedness. It is 
also significant tiiat the power required In handling 

55 such heavy loads has been descreased to one- 
tiilrd and conrespondlng heat problems have been 
eliminated. 

Since ttie angle of the blade 15 is changed, a 
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corresponding misfit at the outer contact surface 40 
b now corrected by grinding the outer periphery to 
be perpendcular to the axes of rotation of tfw two 
knives as lndH:atod by the angle 41. This Is done In 
a grinding 9g simliariy dishing the cutting knife 
blade to that necessary Jn the operating trimming 
system. It is also noted that the damping surface 
42 on damp 21 is ground at an angle matching the 
angle 38. Thus, the sliding contact of the mating 
cutting and bed knivee over the arcuate overlap 
area at the shearing statton (s ascertained to be 
continuous without gaps due to warpaig of the 
discs. 

T^e so clamped and dished annular disc 15 
may be generally closely related to a frustro<onl- 
cal section of a flat ccme approaching a planar 
configuration. 

Also included in this preferred embod&nent of 
the kiventlon is further structure to prevent deflec- 
tion of the outer periphery of the cutting knifo blade 
away from tiie sliding mating surface with the bed 
knif^. Thus It may be seen that the cutting knife 
holder jig 22 is extended to the outer periphery of 
the cutting blade 16 to form the sttffMng support 
region 46 out to the base of the teetfi beveling at 
48. This further assure that the cutting blade may 
not be deflected away from the bed knife cutting 
surface to pennit ragged edges and the problem of 
Jamming paper between the knives* 

It is therefore evident that critical stmctural 
hnprovemerrts are affbrded by this invention in the 
art of paper trimming systems using two rotary 
knives, so that cutting is cleaner, thereby avoMIng 
raggedness at the cut paper edgOr and blade life is 
signifcantly extended. TTie new prindple of opera« 
tkm afforded by this invention has thus overcome 
long outstanding problems of blade wear and cut* 
ting quality In the art, particularly In the presence of 
heavy loading with thick or shingled pmducts. 
Therefore, those novel features believed definitive 
of the natuiB and spirit of this invention are set 
forth ym particularity in the following claims. 



ment characterized by, rotataUe damping means 
holding the annular disc m a dished configurBtion 
to dispose disc surfaces at a small nonparallel 
angle to the planar cutting edge off ttte bed knife for 

5 resisting any tendency of the blade to deflect away 
from contact with said cutting edge, and a mating 
sliding surface on ttie circumferential rim portion of 
the cutting knife of smaller area than said arc area 
of said cutting edge and parallel therewith, thereby 

10 to reduce blade slkling contact friction and to 
cleanly shear ttiick paper products without forcing 
paper between tite two blades to prevent sliding 
contact tinerebetween. 

2. The system of Claim 1 further characterized 
16 by. saki sliding surfece of tiie cutting knife consist- 
ing of a ground circumferential rim portion ground 
at an angle with respect to tiie cutting knife disc 
and lying in a single plane to dispose the ground 
edge paralisi to the bed knife planar edge when the 

20 cutting knife Is held in said dished conflguratfon. 

3. the system of Claim 1 forther characterized 
by, rotary clamping structure dispose to rotate 
with the cutting Icnife when the knives are In sliding 
engagement for limiting deflectfon of tt^e outer dr* 

2s cumference of the cutting knife disc during the 
shearing of paper products away from said sikting 
contact with the bed knife. 

4. The system of Claim 1 further characterized 
by, an annular cutting knife blade of hardened steel 

30 of a Rockwell hardness of the order of 60 and 
dimenskms In the order of ten inches (25 cm) In 
cuter diameter and seven inches (18 cm) In inner 
diameter wHh opposed transverse feces forming an 
annular sheet with a thickness theret3etween of the 

35 order of one-tenth of on Inch (^5 cm) such that tiia 
blade sheet may be deflected for clamping in said 
dished configuration. 



40 



Claims 4S 

1. In a paper trimming system having two 
substantially circular knives rotatabfe about respec- 
tive axes of notation and heU by rotatable mounting 
means disposing an annular cutting kdfe disc wHh so 
a cutting edge at fts outer circumference and Into 
sliding engagement with a rotary bed knife cylinder 
for supporting and transporiing paper producte to 
be trimmed having a planar cutting edge perpen- 
dicular to ttie cylinder to overlap the two knives es 
over an arc area defined on the cutting edge to 
provide a shearing station for receiving and shear-' 
ing a multiple sheet paper product, ttie Improve- 
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FIG. 3. 
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